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ABSTRACT 


MSFC-STD-486 , "Threaded Fasteners, Torque Limits For." is 
a relatively new standard that has not had much user 
experience. This test was run to provide such experience 
and verify the values in MSFC-STD-486. This was accomplished 
by plotting torque- tens ion curves on aluminum and alloy 
steel aircraft quality bolts and nuts through 1/2 inch in 
diameter . 
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1.0 


OBJECT 


The object of this test wau to verify MSFC-STD-486 , "Threaded 
Fasteners, Torque Limits For," dated September 30, 1968, 

Including Ammendment I dated July 14, 1970 as an acceptable 
specification for the installation of threaded fasteners, 
through 1/2 inch diameter, in spacecraft. 

2.0 BACKGROUND 

MSFC-STD-468, "Threaded Fasteners, Torque Limits For," dated 
September 30, 1968, is a relatively new specification and has 
not been used sufficiently to garner much information as to 
its usefulness. This test was conducted to determine such 
usefulness . 

3.0 CONCLUSIONS AND RECOMMENDATIONS 

MSFC-STD-486, "Threaded Fasteners, Torque Limits For," dated 
September 30, 1968, has been found to be unsatisfactory for 
installing aircraft quality fasteners. The reasons for th s 
conclusion are: 

1. The specified torque value', can produce excessive stress in 
the bolt. 

2. The specification requires that locking torque of self- 
locking fasteners be added to the tabulated values. This 
makes inspection of the installed fastener assembly 
impractical. Whereas if the tabulated values included 
compensation for locking torque an inspector could check 
the assembly by attempting to tighten it at the indicated 
value. 

3. It contains no values for high strength corrosion resistant 
steel (CRES) or titanium fasteners which are used extensively 
in aerospace vehicles. 

4. The lubrication notes are confusing. Most nut specifications 
allow the nuts to be supplied lubricated by the nut 
manufacturer. Other requirements of these specifications, 
euehas locking torque and reusability, make it more 
attractive for a manufacturer to supply lubricated nuts 

than unlubricated nuts. Therefore most nuts are supplied 
lubricated when permitted by the specification. The as 
supplied nuts must meet the same performance requirements 
whether they are lubricated or not. Hence nuts should be 
used in the as received condition. 
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(Continued) 





4. The addition of a fresh lubricant can provide more 
consistent torque versus tension results, and is 
necessary when using some nut-bolt material combinations. 
However, the mechanic installing the fastener can not be 
relied on to determine which parts have been lubricated 
by the manufacturer. If an in-house lubricant is required 
it should be an engineering responsibility and the 
lubricant, method of application, and appropriate torque 
should be controlled by the engineering drawing. 

5. The torque wrench specification (GGC.-W-686) referenced 
precludes the use of automatic tools, many of which are 
suitable for aerospace fastener installation. 

6. No differentiation is made for tightening the assembly 
by turning either the bolt or the nut. 

This test did not attempt to test a significant sample of 
fasteners to the requirements of MSFC-STD-486. The results 
obtained from test parts should not be considered representative 
of the entire class. These parts tested were usually from one 
lot, by one manufacturer. (The parts used were obtained for 
this test and were comprised chiefly of surplused items from 
the S-IC program. As such, no records were available on the 
history of these parts.) 

Items known to affect the torque- tens ion relationship in 
threaded connections included: 

Fastener Geometry 

Surface Finish, including bearing surfaces of the material 
being fastened 

Strength and hardness of the materials Involved 
Lubrication; method of application, and shelf life 
Locking torque of self* locking fasteners 
Twisting the nut 

Twisting the bolt head, and hole size 

The inter-relationship of these variables is not known, nor 
was it investigated in this test. This test attempted to 
duplicate conditions that would occur if MSFC-STD-486 was used 
for production installation of aerospace fasteners. The most 
significant result of this test is the excessive stress produced 
by the specified torque under the test conditions. Whether 
this load is detrimental to the fastener assembly is dependent 
upon many factors. Among which are: 




3.0 CONCLUSIONS AND RECOMMENDATIONS (Continued) 

1. Materials Involved 

2. Environmental conditions of the assembly 

3. Design load, i.e. tension, shear, fatigue, or combined loading 

4. Anticipated service life 

5. Fastener geometry 

6. Safety factor 

It should be noted, however, that the failure mode on bolted 
connections during installation is usually thread stripping. Thif. 
is a readily inspectable defect which is usually repaired immediately. 
Parts that do not fall on installation but which may have been 
subjected to excessive torque should be individually evaluated. 

4.0 PROCEDURES AND RESULTS 

The test fixture electronics consisted of a hollow load cell, a 
torque transducer, an amplifier and an X-Y plotter. A mechanical 
setup was constructed to manually apply torque to the fastener 
while isolating the torque transducer from side loads, and isolating 
the load cell from torque loads. This was accomplished by using 
the setup depicted on page 4 . This shows a shaft rigidly 

supported and used to transmit torque to the test fastener. The 
fastener is installed in a hollow load cell which in turn is 
Isolated from torque by angle blocks. A photograph of the entire 
setup is on page 5 . 

Due to this test setup and limitations of available eaulpment it 
was not practical to selectively tighten the assembly by turning 
either the bolt head or nut, or to restrain the load cell. 

Consequently this test did not differentiate between turning the 
head of a fastener or the nut during installation of the assembly: 
rather the element with the least friction rotated (usually this 
was the nut) . 

The following parts were tested: 

3/16” Diameter (.190”) 

62 ksi aluminum AN3DD bolts with NAS1021D3 aluminum self* locking 
, nuts. 

123 ksi alloy steel AN3 bolts with M82IG42-3 alloy steel self- 
locking nuts. 

160 ksi alloy steel NASI103 bolts with MS2I042-3 allov steel 
self- locking nuts. 
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4.0 PROCEDURES AND RESULTS (Continued) 

1/4 M Diameter (.250 M ) 

62 ksi * AN4DD aluminum bolts with NAS1021D4 aluminum self- 
locking nuts. 

125 ksl - AN4 alloy steel bolts with MS2i *42-4 alloy steel 
self-locking nuts. 

160 ksl NAS1304 alloy steel L its with MS21042-4 alloy steel 
self- locking nuta. 

180 ksl MS21250-04 alloy steel bolts with BACN1CBLAL alloy steel 
self- locking nuts. 

5/16” Diameter (.312”) 

62 ksi AN5DD aluminum bolts with NAS1021D5 aluminum self- locking 
nuta . 

125 kai AN5 alloy steel bolts with*MS2l042-5 alloy steel self- 
locking nuts . 

160 ksl NAS1305 alloy steel bolts with MS21042-5 alloy steel 
self- locking nuta. 

180 ksi M321250-05 alloy steel bolts with BACN10BL5L alloy 
steel self-locking nuts. 

3/8” Diameter (.375”) 

62 ksl AN6DD aluminum bolts with NAS1021D6 aluminum self- locking 
nuts . 

125 ksi AN6 alloy steel bolts with MS21042-6 alloy steel self- 
locking nuts. 

160 ksi NAS1306 alloy steel bolts with MS21042-6 alloy steel self 
locking nuts. 

180 ksl MS21250-06 alloy steel bolts with BACN10BL6L alloy steel 
self* locking nuts. 
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PROCEDURES AND RESULTS (Continued) 
7/16” Diameter (.437") 


62 ksi AN7DD aluminum bolte with NAS1021D7 aluminum self-locking 
nuts . 

125 ksi AN7 alloy steel bolts with BACN10BL7L alloy steel self- 
locking nuts . 

160 ksi NAS1307 alloy steel bolts with BACN10BL7L alloy steel 
self-locking nuts. 

180 ksi MS21250-07 alloy steel bolts with BACN10BL7L alloy 
steel self- locking nuts. 

1/2" Diameter (.500'*) 

62 ksi AN8DD aluminum bolts with NAS1021D8 aluminum self-locking 
nuts. 

125 ksi AN8 alloy steel bolts with BACN10BL8L alloy steel self- 
locking nuts. 

160 ksi NAS 1308 alloy steel olts with BACN10BL8L alloy steel 
self- locking nuts. 

180 ksi MS21250-08 alloy steel bolts with BACN10BL8L alloy 
steel self- locking nuts. 

Five of each of these combinations of bolts and nuts were tested 
in the as received condition (in all cases the as received nuts 
has been lubricated by the manufacturer). Five (5) more were 
vapor degreased* (to remove the manufacturer's lubricant), 
lubricated with Carbowax 400, (a proprietary mixture of polyethylene 
glycols and methoxypolyethylene glycols, that meets the lubrican; 
requirements of MIL-N-25027 and MSFC-STD-486) and tested. The 
alloy steel nuts were received with a solid film lubricant which 
did not dissolve in the vapor degreasing operation. However, these 
were tested in the same planner as the aluminum nuts, five as 
received and five vapor degreased and lubricated. All nuts were 
tested in the as received condition and with a Carbowax lubricant 
as the person installing these parts in a production assembly may 
not be able to tell if a nut has been lubricated or not. None of 
the bolts were received with any lubricant on them. 
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PROCEDURES AND RESULTS (Continued) 

In all cases the difference between as received parts and parts 
that had been vapor degreased and lubricated with Carbowax was 
significant. In most cases the torque values of MSFC-SPEC-486 
were beyond the mlniipum yield strength of the bolt and in some of 
the tests the bolt threads stripped. On the 125 ksi steel bolts 
this happened several times below the minimum ultimate tensile 
strength of the bolt. This is believed to have occurred due to a 
combination of tensile load and changes in the bolt thread lead 
angle caused by the tensile load. This result has been observed 
by others and documented by a paper entitled "Calibration of Alloy 
Steel Bolts" by R. J. Christopher, G. L. Kulak, and J. W. Fisher, 
Journal of the Structural Division, ASCE, Vol. 92, No. ST2 , 
Procedure Paper 4768, April 1966. 


Results are summarized in Figure I through XLVI. These figures 
were drawn from the most significant areas of the data sheets. 

The torque tension curve is shown as a straight line as it would 
be idealy. The line becomes dashed beyond the minimum tension 
yield of the bolt material and stops at the minimum ultimate 
tensile strength of the bolt material. The range of MSFC-STD-486 
torque values are shown on these figures by shaded areas. This 
range of values is conservative in that the additive locking 
torque values are the ones plotted, rather than the measured 
values, which were usually higher. The range of MSFC-STD-486 
torque values shown for the as received parts are taken from the 
tables for unlubricated parts although no "unlubricated" (lubricant 
removed with solvents) nuts were tested; the parts in the as 
received condition were unlubricated by the user. 


The data sheets in the appendix are the actual plots of each 
fastener assembly as plotted during testing by an X-Y plotter. 
The curve to the right of zero on the abscissa (torque) was 
generated during installation; the curve to the left during 
removal . 
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FIGURE II .190" DIAMETER ALUMINUM LUBRICATED WITH CARBOWAX 
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FIGURE III 125 KSI .190" DIAMETER STEEL AS RECE1VKI 
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FIGURE V 160 KSI STEF.l. .190” DIAMETER AS RECEIVED 
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FIGURE VI 160 KSI STEEL .190” DIA. LUBRICITED WTTH CARBOWAX 
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VIII .250 DIA. ALUMINUM LUBRICATED WITH CARBOWAX 



































RsusmaHSHsassssssB 

U8SSSShsSKS8S8SS8S:SS8| 



tit ill: 




t::": 

ur.'ifc 



miiHiiiiiuiiifaiifl 


Isssss 


aaa aataa aaaaa aj 
aaaaaa^aaaasfiafl 


^^^■aaaaaa.aaafl 

| mmmmm aaaaa imiBM 


■■uSSShSHH 

i 


asBaaaaaaasaasiMadl 

ugaaBBBaaaaa^aBBaaa^l 
B«Baaaaasaa^BBaaaM 


S is aaaaa saa^l^^lH 
BitaaaaggaaBBaaaaaa 


8 Sk- 
at 

saiaaattBiaaBBaaBH 


laaaaaaaaaaaaaaaaaaaaai. 



:tn 

i*H t 1 * t T-r- 








i aaaaa a 



y*\m 

T * t T 


■—SSSK SS8S388BSaS8888g8 

anaaiiaiiiiiiiAaiflaAiiaaaaiif 



SaSa aaaaS a 53s * 53a 

laaanraaaaaaBalaaaaaaaailaaaaaaaiaa^aS 
[iRiaiBBaam aaaaaaaaaaiaiaiaaaaiaia 
iMMsaaaaaaaaaBaaaaBBaaaBUaaaaBaaaaB^I 
HaaaBBaaaBBBaBBBBaaaaBiaafiaaaauBB^H 
I aaaaa aaaaaaaaBB aaaaa aaaaa aiafis aaaaa ■faBHMs^l 
laaaaaaaaaBaaaaBaaaaaaaaaaaaiaBiaaaafiiaatuiaa 
iBaaaaaHBaaaaaaaaaaaBaaaaaaaaaaaaaMaaaaai'aaaa 
| ■BBaaaBBBBBBBSaBBBBBBBB BBBBBaiBBMB5fiBBBa^BiB 

IflsaaaaaBBBaaBaaaaaaBBaaHaiMuiifiiaUMUud 

iBBBaBaBaBBaBiaiaiBaaaa 

laaaaaaaaaaaaaaaaaaaaaaali 

liaaBaasaaaaaasaBsaBassssasaaBsassaaasaaaBsas|:*i 

HMuauBMUMHuaaiaBBKiaaaiBaaZiiMiai 


HHill 



aaaaaaa 
■aflaaaa 
BBi lMI 

mmmmmntum 
aaaii 
basal 


^■BfBBaaaaiaiaiasitfHi 
BBBBiaaaaaaBBBaaaiBa^aa 
laiBa&BaaaaaavaaB&aaa^fi 
■iaaaafiaaaaaaBaBaaaaat.a 



laaaaaaaa 




■■■■aBaaafliaBBBiiaaBt 

laBaflRaaaaaBBBBBaaaaaHHHHHI^H 
I a a a ■ a a a a a a a a a a a a a a a a iaaBBaaiiaaii] 

I ■■■■■■■■■■■■■■■ ■■aaaaaaaaaaaaaaaaMH 
HaaaiaaaflaaaaHiiaiaiaiaaaiaaaaiHiaaia 
I ■aaaaaaaaa aaaaa aaaaa aaaaa aaasBBBP' ~ ~ 

■ Baaai ■■■ aaa laaaan 

I laaBaiBiBBaBBaBBBiaaaaaaafliil 
I ■aaaaaaaaaaaaaaaaaaaaaaaiiaia^H^^^I 
iMaiiiHaittHHiaaaiaaiMMiBaiaaaaaiaaiai 

I laaaaaaasaaaasaaaaaaaaaaaiaaasa M ■! 

laaaaiisfli - iBaai iiai i$ 

I a aaa aaaaa ■■ ■ i - i ■ aaaaa isaM 

laiiaaasaaaaaaaaaaaaaaaaaaiiififl 
a a a a a a a a a a a a a a a a ■ a a wim 
laaBaaaaa aaaaaiaaaau 

■ ■■■■■aaaaia j 


aaaaaaiaaaaBI 

aaaaiaaaaifiai 



llUaMBMIl 

S Mauiaama 
■■■aaaaaml 
■aaiaaa aiaul 
fea aaaaa ail 






mm 




8 

O 

o 

8 

i 

8 

C> 

o 

8 

U 

O 

8 

v * 

o 

o 

8 

8 

0% 


<o 




(N 

€0 

m 

CM 

as 

iO 

CO 

CO 

co 

CM 

CM 

CM 



H 














1MZI2=1 


5-7200-T 























FIGURE X .250 DIA. 125 KSI STEEL LUBRICATED WITH CARUOWAX 






























FIGURE XI .250 DIA. 160 KSI STEEL AS RECEIVED 
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FIGURE XII .250 DIA. 160 KSI STEEL LUBRICATED WITH CA.iBOWAX 
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FIGURE XIII .250 l)IA. 180 KSI STEEL AS RECEIVED 




























FIGURE XTV .250 DIA. 180 KSI STEEL LUBRICATED WITH CARBOWAX 
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312 OIA. ALUMINUM AS RECEIVED 






























I •■■■■■■■■■ aui 


iaiaBBanaiafl 



I ■■■■■■■■■■■■■■■■< 

laiaiiiiiiismifl 
I uuumu mmmmm mummmiummumwmuggg^M 

aaaiBBaaaaBiamiiiBBBBinraa 
■■■■■■•■■■■■■■■■■■■■■■■■■■■•■■ 
Mumummmmuummummmmmmm bbbbbbbbbb 

iRarilBUflllHBBUNHIHIBiH 








< t J ' : : -r : -p - 


: •tiiiirJ 


SSSSsisaissssKssa 


iaiRBaaaflBBiBBB«laaRaiaflii 

S8SS::SSSBS5S8SS8:&S585S5i 



|SSSSSSS»»a«3 

■HniiUE 

Hmmmmmmummmmwm 
(■bi ■Bifii 
in* - 

K:Ub::» 

USBSSiSHSHin 

liRBBBRRBfllllBH 



mi ti- 




!■■■■■■ ■■■■i 
■■a bbbbb bbbbb 
iiiiaanaaflBaaia 



4-H I ♦ H T‘ 


mummmuummummmmmmmumummmt 
mmmummumuuummmMmmmmmmi 

■■■■■■■■■iigi 

■■■■■■■ ■•Bliiiia 
!■■■■■■■■■■ ■■ iifcj 
Ebbbbbbbibmh 





■■■■■■B 


S8BSSS8S8SS5888S&SSSS 

liiHBBRigBiBtanBBS 

■ E {SS SSS8S58 1 

BBaijMiiiM 









■BBBIHIBBBBBBBBRBBBkl 
I IBBRBBIBBBIBBBBBBBMI 


wmmmmmurnnrn 

■IB BBBBBBBBBBBBBi 
ftKBBBflBRRBBIIial 


mum ibvbb muumu ■■■■■ 

ssiSnsssusssus 


BBBBBBBBBiiBiiBlBiBiBBBBfcCBiBMBiBBB»JiBBBB|l|iBBaBB8Bii8j 


BBBBfl 




illBPBBBBBBIBiB - 

IBBBBBBRBBBBBBBBBBBBBBBflBBBBBHBBBBBBBOf^H 
IBBBflBHBBBBflBRBflflflBBBBBIBBBflBBBBBflBBBVff^iH 

llBBBBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBIBBBBiHfcPl 


SEiiiSS 


i RBBflUR»BBBBI^ B B ■ B ■ B BBBBj 

KapaSSSSag 


BaaaBaaBBBaBBBBaaBa 

I IBBBBBBBBBBBBBBBai § 



HI 


in 


■aaa 

aaaa 

BBBBA 




BBBB 

18 I 


K28HI 
23HUK3E 


M 


m\ 



FIGURE XVI .312 OTA. ALUMINUM UJBRICATED WITH CARBOWAX 





































FIGURE XVII .312 DIA. 125 KSI STEEL AS RECEIVED 
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FIGURE XVIII .312 DIA. STEEL 125 KSI LUBRICATED WITH CARBOWAX 



















f 


ssss 


::sa 

■■■i 






■ ■■■■ 
S 


sasasara 




■ MM 


ibbb^ 


S ibbb 

Ian 

■■■■ 


■iii 


ibbbbi 

ifiBBkl 


■■BflBI 


■■ 

S3 


■^BB 


IBBBBBBBkBBI 
IBB BBBBB Bi^BB 


S5S3SSSBS1333SJ 

bbbbb bbbbb Bibbi 






■BBBBBBBBBiBBBBBB^BBBJ 

■58! 


bbbbbbbbbbCBBbbBBBbbBBBb bbbbb I^B 

gaaiBBBBBBBk^BBBBBBBBHBBBBBBBJI 

■SbbbbmM 






T-rrrr^TT^ 



isasass^ 





ibbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb^bbbbb 
■5bbb bbbbb bbbbb bbbbb bbbbb bbbbbBbbbik^bbbb 
ibb bbbbbbbbbbbbmbbbbbbbbbbbbbb 

imMMMMIIIIiaillH 




^^MiiiibmiiibiiiibubiP 

I 1BBBB BBBBB BBBBB BBBBBBBBBBBBBB 


■MHi 

ibbbb^bbbV 

BflBflBk'BBB 



I IB BBBBBBB BBBBB B BBBBB BBBBB BBBBB BBBBB BBBBkBBBBB 
I ■BBBBBBBBBBBBBBBBBBB1BBBBBBBB1 BBBBB BBBBBWBBBB 
liBaflBBiBBflBBBBflBBBlBiBBBBBgBgiBBBBaBBBBflBkBBB 


BBB | 


IBBBBBBBBBBBkBBV 
IBBBB BBBBB BBBkBB 



BBW'BBBBi 


BBBBBBRBB39i! 

j:;i;33;;;:;:;;i;333335;; iS;:«l 

■ai ii >■« iiaaiaiaiVM| 

laaiaiiiaiiaiaaiaBaaaaiaiKaaavivvvinvaianvanarn 

BBBBBBBBaBBBaBBBaBBBBBBBBBBBBBBBBBBBaBBBBBBBaBBaBBj! 
■ iaaraBBBBBBBBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBB# B 
l*SBBBBBBBBBBBBBBBBiBBBBBBlBtBBBBBBBBBlBBBBBBBBBBBBi 
iBBBB&MBBBBBBBBBBBiBBBBBBBBBBBBBBBBBBBBBBBBBBBaBg 
I IBBBBBBPBBBBBBBBBBBBBBBBaaBBBBBBBBBBBBBBBBBpaB PaaM 

HHiiHMaaaaaaHiaaiiiaflaaaafeaiiBaaaaiBHaiaiHa w mm 

|*BBBBBBBBBBBBBBBBBBBBBBB«BBBBBBBBBBBBBBBBBBBiSS ; 
|lBBBBMBBlBMBBBBBBBBBBBBBBBBBBBnBBBBKBBBB||||H 


ib Mimmm bbbbb ■■■■■ I 

mmaiaiijiasi 

H Ba*B BBBBB BBBBB | 

mmmnmmmnmmmam 

^^M'VBBBBl 

Ik vaalMR 

Eb^bbbbbbbbI 

mm i ' !■ 15’" 


|H»»!!»RRn!!!!!RSn^SSRSn 

laBBBBBBBBBliBBBBJBBBBBBJBBBlBjBiSBBBBB 


IBBBBBBBBBPBB 
<BBBBBI|i § 

I::::::!! 1 

mm hi 


bb jb 


mm 



Hi 






FIGURE XIX .312 DIA. 160 KSI STEEL AS RECEIVED 
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INCH POUNDS 

FIGURE XX .312 DIA 160 KST STEEL IUBRICATED WITH CARBOWAX 
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FIGURE XXIII .375 DIA. ALUMINUM AS RECEIVED 
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FIGURE XXIV .375 DIA. ALUMINUM LUBRICATED WITH CARBOWAX 
































FIGURE XXV .375 D2A. 125 KS1 STEEL AS RECEIVED 
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FIGURE XXVII .375 DIA. 160 KSI STEEL AS RECEIVED 
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FIGURE XXV1TI .375 DIA. 160 KSI STEEL LUBRICATED WITH CARBOWAX 
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FIGURE XXIV .375 DIA. 180 KSI STEEL AS RECEIVED 
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FIGURE XXX .375 DIA. 180 KSI STEE T LUBRICATED WITH CARBOWAX 





























skkshhkhssRRRK! 
ss 8 «b:ssss»sshhsss:sI 
ss 88 sssssss:sss 8 :::s:::s 883 


Rlllllll! 


■+H » *-i 

♦ f • -H 


imf-H h- 


. -4 4 -Li - 4 ~* . 

•*- H-h - u -i 



ttnht 



IlMI 

888883 

■■■■9 


fed 

mm 

KS 8 H 


iiSSss 3 SssSS§!£c 9 

\m 

Pbbbbbbbbbbb b nniiiii 

BMaiMMiiiiaiiiiiVVI 

■bbbbbbbbbbbb« 

■88888 888888881 

iiinHiMiii 


■nLiti 

i-t t-| +- 




Hilllllliii 
mmumuummmmu 
■BaaaBBBaa 


^ bbbbbbb 

■ 'nmmmmm 


iibiign wm 

■m mu 


BBaBBa#aaBBaaa^fl 9 mNRBMm 

Baaaaaa^aaaaaaa^aaaaaaaaaaaai 


I 

' * 

[i 

it 1 




IBBBBBBBI 

8888888 ! 


BBflneaaaBfcHBtftfBBHtt^BBg 
naaiBBBBBBBaBBBBBBBw^aS 
■KBaBBBBBBBBi^BBBBBBB^BBBi 

!■■■■■ bbbbbjbbbbemmmmmbb^uuu 

[■ BBIBB [ 

IbbbbbbbS 

■ BBBB BB BBBBaaBflBB^iiaBBB?aO"ni 
I iBaiaa bbbbb bbbbb bbbb^ bbbbb acafiaainHlHIBl 

l 38 SS 88888 S 3888838 S 88 .ig 88888 gS 88 S 8 S 8888888 M 

|■BBBBBBBfl■BBBBflBaBBflBa^BBBBBBW«Ba■aBBBBB■■H 

[sSS 88 S 8 SSS 8 SSSSSSSS 88 SS» 38 S 8 SbS" 88 SS: 8 sB| 

S 8 SSS 8 SS 88 SS 8 S 8 S 88 S 8 S 8 SSSSSS 588 S 88 SSS 88 S 888 I 
3888888 S 8 SSS 8883888888 S:S 888 S«W 8 S 82 « 8888 a 
SSS 8 SSSS: 888 S 88 S 8888 S 8 S 8 SS 8888 fiaiBMHd 

BMHHMBilMHHMBli 

iRiaiiiiHvaiRMiiiiiiaiiaiMaii? 

I BBBBBBBB*iJf a IBBBBBB BBBBB BBBBlH 
|lBBBBBBBBflBBBBBBBflBBBBBBBaBBBBBaialBi| 
llillBBBBBBBBBiBBBBBBBBBBBBBB BBBBBBBB— W 


BBBB BBBBBBBB 

Rnbimh 

bbbbbb 


« 


BBBBBI 


IBBBBBBBI 
iBBBBBBBI 
■HBIBI 


■BBBBBBBBBBBBaBBfl 
IBB BBBBfl BBBBBBBBBB 
afi|RI|BMMB|Hd 
■BaULBJPB B B B jv B B B B * 
|EbBBB BBBBBI 

mmmmmmmmmm 

bbbbbbb bbbbb bi 

BB BBBBB BBBBB Bl 


BBBBBBBBBB 

888888888 : 


■BBBBBBBBB BBBBBBBBBB BBBBB Bb| 

IibbbbbbbbbbbbbbbbbbbbbbbbbbM 

jjgll 

SbbbbbbbbbbbbBPHBbbbbbbbSH 

BB B B BBBBBBBBB BBBBBBBBBB BBBBBBBBBBBB BBHBBBBB BBBBBI 
■BiBBiliiBiiiiiBiiliBHMaHMMBflMfl 

lIBHIIBBBBaBBBRIBflMj 
■ BBBB BBBBBBBBBB BBbH 

rbbbbbbbbbbbbbbbbbbbIH 

IggBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBi 
■BMMBMMnMMBBBBBBBBBBBBMMaiiiiiMflMfiB BH 

* --BBBBBB I 

■BBBBBI 



VgflBflBBBBBflBBBBBBBBBB 

iiliiiESiiiialiUiEil 

a in i! an 


■ pi. 

1 


liiilil 

IN II 

!!!«! 





mmm 
































npi 

laiHil 

mm 

ili::::! 




, l *- . 1 T 1 ' 




i.rt.t rT 



trr4:in: 


■ 

: 

: 

|ss559fl 

|;:::;| 

MlliaagHlilHHRmilMHI 






fflffi .1 

- r ~ f - 1 *- 


MBMIllMIlMiiiim 


■■■■■■■«« i i 

|MfliaiiiRiiBMiaM|i 
fipBBBraaaaaaaBaj 
BBBB BIBB BBBBB fl 

■■■Eaa bbbbb bbbbb al 
IHMVVVIiBIBKBIRHB BBBB IBB 
laBBBBBBBiBBBBBBaBBBBBBB BBBj 

I bbbbbbbbbbbbbbbb^bsbbbbbbhb 

iHBBBRRBBBBBBBaaaa^aBBBBtfVil 

I s®®***®***5Sb5bb55b5bbbSb5wmmB 

I bbbbbbbbbiibbbibbbbbbb£BBBb55&b 

|bBBBBBBBBBBBBBBBI IB RBBfcl 

|BaaaRBaBBBBaaaaflBaaaaaaaafc*i^^H 
I BBBBB BBBBB IB BBBB BBBB BBBBB Ba^BaB 
I BBBBBBBBBB BBBBB I BBBB BBBBB BBB^BbN. 
I *■■■■■■ BBBBBBBBBBBBBBBBBBBBBB^.BBB 
|aBBBBB«B«BaBBBBHBBBBBBBBBBBBBB^BB 

laBBaBBBBaBMBBBBaBBBBBBBBBBBMHiH 
laaBflflBBflBBBBBBBaBBBBBBflBBaalM 
I IBBBBlIBBBBBBBBIflBBBIBBBB BBBBB 






BBBBBI 





IBRBBBBaBaBBia^BBBiBiaBBBBBBaaii lilllllllBI 
I ■ a B B BB BIB B B BM^B BBBBB BBBBB BBBBB BUlfi BBBBB BflHHHIV 
BRBBBBBBBBBBBBB^BBBBBBBBBB mil BiBBB BBBBB BBBBBBBBBB 
IHMMBMMMmamMi BBBBB BBBBB BBBBBBBBBB BBBBB 


IBB BBBBB BBBBB 
IBB BBBBB BBBBB 

ihviimiiiiimibiiiii 

HMBBBBBBBBBBBflBBBBBBBBBBa 
■BBBBBfiBBBBBBBBBBBBBBBB BBBBB 

^^HBBBBBBBBBBBBaBBBBBBBBBB 



I 4~MBB BBBBB BBBBBBaBBBBBBBBBBBBBBBBBBBBBBBB^BBBBBBBBBBaBBB BBBB BBBBB 
I BBB^BHBBBBaBBBBBBBBHBBBBHBBBBBB BBBB BBBBBBB l?BBBBBBBBBBBB BBBBB BBBBB 
I RBBB B WPBBBaBBBBBBBBB BBBBBBBBBB IBBBBBBBBBBBB^B BBBBB BBBBB BBBBB BBBBB 
I BBBB ■ IB MT.B IB BBBBBBBBBBBBBBBB BBBBBBBBBB BBBaBBlk!BBBBIBBBBB BBBBBBBBBB 

UMiiMiMMMMMMMiAiMMAMMMaMMMMBBBBBBBiBaMHMMMHMM 


I BBBBIBBBBBttSBBBBBBBBBBB BBBBB BBB BBBBB BBBB BBBBBk^BBi^^nH 
I IBBBBBBBB. ■■BmB^BBBBBBBBBBBBBBIBBBBBBBBaBBBBBBB^BBBBai 
I BBBBB BBHBBBBBBBK^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBMBHHBi 
I IBBBB BBBBBBBBBBBBtow;* BBBBB BBBBR BBBBBRBBBB BBBBB Bb| 

1 11111 BBBBB BBBBB BBBgB^BBB BBBBB BBBBBBBBBB BBBBBBbI 
I BBBBB IB BB B BBBBBBBBfiB BBbi^BaBBB BBBBBBBBBBBBBBBifiB 
I MBBBBBBBBBBBBBB BBBBJI BBBBB Vt^BBBBBBBBBBBBBBBBflBl 
I HMMBBBBBBBBBBBBMBBBBMMBBBBBBw^BaBBBBBBBBBBBBBW 
I IBBBB BBBB B BBBBB BBIBBBBaBB BBBBB^^BBB BBBBB KfiBBBB 
llBBBBBBBBBBBBBIBBBBBBBB BBBBBBBBBB C^BBlBlB 
I 1BBBBBI BBBBB BBBBBBBBBBBBHBIBBI BBBBB W^BBBf 
I HBBBBBBBBBBBB BBBB B|BBB MB BBBBBBBBBBBBBbC.^B 



IBB BBBBB BBBBB 
IBBBBBBBBBBB B 

BIB 
Ibbbb 
■BI 

BB 



■ B BI 

E!EI 



.437 DIA. ALUMINUM LUBRICATED WITH CARBOWAX 



































[BfflaBSHSjg 


!■■■■■■■■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■ 

■■■■■■■ BBflBBB 

^■aaaaaai 

KMSSSBSsil 

»■ ■BHHH 


itiuni: 


Ti4+I P : ! 


mm 


IjRaBBaaaaBBaa^B 
■■■■■■■■■■■■ill 

fmmumm mummmumm 

■■■■■■■■ 
mmmrnmmmm aaaaa aaaaa aaaaa 
I aaaaa uiafia aaaaa aaaaa liui 

■iiSKSSSsSilSS&SKSSS 

■i aaaai alaaa aaaaa a a aaai 

IflBBflB UBSW' ■■■■■ 

I ^aaaaaaaaaraaBaflaaBi Bag 
iBraaaBaiBaa^iaaaaaaaBfin 

IBBBB** BABB Ull^lllllll 

I BaaaBaniBBiiSflflk'aaiaaaaai i 
I Baiaaaaaaaaaaflaa^BBaiaaaag 
laafiaaBaa. ^■Baafiaii 

|Baaaaaaaak 

iBBBBBBBBBBBi^BBaBBBBlBa fl B HfiBI BB ill 


V N 


-i-i-i- -i- 4— <• « 


rBaaaaBBBBaaBBBBBB^BBBaafl 

I ■BflBBBBRBBBBBflBBBB^B BBB§ 

I BBBBflBBBBflBBBBflBBBB^flBB| 

I ■■■BBBBBBB ■■■■■■«■&■ B^BBB 
aiBiBBaiiiai«aiBHMMi 




:::s::::sB;::Kssggg3iig:»8B8a B mmBa 

aaBBBBBaBBBBaiBaaa^laaalg^aSaBaBaiiHSiipwaBiiRBBaaaai 


iBiaaaHHHI 

I laaaaa aaaBaaa^lHHHH^H 
I ■ a a a b a a a a a a a a iBBaaBaaaaal 
I ■BBaiiflBBBHBBiiBaBaafliaaM 
| ■BBBBBBBBBBBBBBBaflBBBBflflBBi 
liaaaaBBBflflBBBaBBflaaaaaaaBH 
llBPBBflBflflflflaflflflflflflflflflaHil 


I ■BBflflBBBBBBBaBflBBBBBBBBBBBBBBBflBBBBk.flBBflB^BBBBBBBBBBBBBBBBBBBBBBB I 

|iaaaBflflflaaflaaaBaaaaaaaaajymBiaiBaaflflfl5iaBaa^aflBaaaBiflaaaBBaaaaaaBBBl 


iiHaHHflflflatfflflflflflflflaflflflHaaBflaaaaBaaaaflBa^flBaa^aaaaaaflaaBaaaaaaflaaafll 

|gggggllggggl"llllilllllllglll l»i"»B»"B^aBBa^aBBBaaBBaBBaBaaaBBBBl 

B|||HMMHHMiMMMiMM||BBailBIBI^BBBI^IflBBBBBflllBBBBBBBBI 

SBBBBBBBBBBB^BBBBIBBB BBBIBRBIIIBfliai I 


|«aaflBflHBBiaBaaflBBaaaBBflaBflBBaafll 

IBBBBBBBBRIlBlIBBBBIBiBBBfllBagMMHHMMRMMHi 

iBaaaaaflaaaflaaaaaaaaaaaaaaBaaaiiiBlilaBiaagacaaaa^ialaiillaiaiBaMil 


l«flflflflflflMBiflHflflflflBiflflfl«flfl«flflflflflaflflaflflflaaaaHflaaw'!aflaa?iaaaaaflaaaaaflBaaB^J 


liaBflBflaBaflBaaBBBaBB flBflaBBBaflaBBBBBBBBaaBBBaBhgaaB^aaBBBBaBBaaaftiiii 
MMHMMMHM|ilBBaiBiaBIBaBRBBaaBBBBBBBkBBaWlBBIfl|BflBHiBBi 
^^^^^■^^^^^^^■BBABBBiBBaaBflaaaBaBaflBflflBBaawflBakflaBaflaaaHHHHI 
| ■■■■■■■■■■■■■BBBBBBBflflBBBBflBiiBBflBiBBBflBBflflflflBa^^aak.agalaaaBaaaawl 


MflaBflflflflaaBBBBBBBBl 


iRflflflflflflflflflflHflflflflflflflflBHflflflflflflflB 
I IflBBBBlBRRBBBBBBBBBBBBBBBBBBB! 
I ■■flflflaaflaflBflflflBBBBflBBBBBBBaBBi 
I BflflflflflflflflBBflflflflflaflBBBBflaBBBflifi 

I ■aaaaaflflaBawaaflawaaaaaaaa aaBii 
| BflflflflflHflflMflHflflflflflMflflflflflflflaHMi 
I iiiiiiiiiiiibiibbibiibbiiH 
| ■■■■■■■babI 

I Iflflflfl aflflflfl BB Bflflflflflflfl BBBBflBB 
BaH«flflnflflflflPiflflHflflfla«flBiflBBiH 
RMflflflflflAttMflAHBfflflflHWflflflflflflflfli 
BBBIBBflflflflflBflflflBflflBflBBflaBBBam 
BaflflBflBBflflBBBBBlMflflBBBflaBBBaaai 
I BBiiBBBflflflBflMBBBflBjBBBflBBBBBBl 


MBI R1 


5 O 

lA sj- 
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FIGURE XXXVI .437 DIA. 160 KSI STEEL LUBRICATED WITH CARBOWAX 




































FIGURE XXXVII .437 DIA. 180 KSI STEEL AS RECEIVED 
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FIGURE XXXVIII .437 DIA. 180 RSI STEEL LUBRICATED WITH CARBOWAX 


































FIGURE XXXIX .500 DIA. ALUMINUM AS RECEIVED 
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